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Abstract
The CO2 reduction potential of battery and fuel cell electric vehicles (BEV/FCEV) is linked to the success of the energy transition. Both
vehicle types can facilitate the integration of intermittent renewables. H2 generation and storage infrastructure to support FCEVs is a
promising opportunity for synergy between the transportation and building sectors in renewables integration, through grid storage and
Power2Gas (i.e. blending H2 into the natural gas supply). However, as FCEVs also require more than twice as much electric energy
per distance traveled than BEVs, an integrated analysis is necessary to evaluate which electric vehicle (EV) offers the lowest cost for
reducing CO2 emissions.
We use an integrated analysis to determine the overall cost and CO2 emissions when BEVs or FCEVs are deployed in two communities in
southern Germany. Based on a comprehensive scenario for future cost and technology developments for 2025 and 2035, the cost-optimal
mix of energy generation and storage technologies is determined to meet all energy demands (heating, electricity and transportation) in
the communities.
This integrated analysis ﬁnds, that the higher energy consumption of FCEVs could not be compensated by system beneﬁts like Power2Gas
and grid storage. The result is consistent with a similar analysis of a community in California. The simulation results reveal, that while
the two vehicle types enable similar CO2 emission reductions, these can be realized at lower costs with BEVs than with FCEVs. The
most striking observation was, that in the event seasonal H2 grid storage becomes necessary, FCEVs would in fact be less favorable than
BEVs, which require less energy per km traveled and therefore leave more energy available for stationary applications.
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1. Introduction
Battery electric vehicles (BEVs) and fuel cell electric vehicles (FCEVs) both offer convenient personal mobility with no
tailpipe emissions. Their potential to reduce CO2 emissions in Germany depends on providing them with energy from a
low-carbon source - in other words, on the success of the German energy transition. However, they both offer interesting
co-beneﬁts for the integration of intermittent renewable energy sources (RES) such as wind and solar power that may facil-
itate the transition.
When connected to the grid, BEVs can contribute via smart charging (load shifting to times of high RES generation) [1,
2, 3, 4] or as short-term energy storage (vehicle-to-grid, V2G [5]). When considering FCEVs, the hydrogen infrastructure
consisting of electrolyzer (H2 generation) and gaseous or liquid storage tanks, is particularly interesting for the energy
system. For one thing, hydrogen could be generated during renewable power generation and converted back to electricity
in a stationary fuel cell at a later point in time. Compared to V2G and stationary batteries, considerably more electricity
could be stored [6]. Second, would it be possible to convert renewable (over-)generation, that would otherwise be curtailed,
to hydrogen and feed it into the natural gas grid (Power2Gas, P2G) - thereby linking electric power and heat sector.
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Nomenclature
BEV Battery powered electric vehicle
EV Electric vehicle, powered by an electric motor
FCEV Fuel cell powered electric vehicle
ICV Internal combustion vehicles, usually powered by gasoline or diesel fuel.
NEU Neumarkt i.d.OPf., Germany
P2G Power2Gas - hydrogen infeed to the natural gas supply
PUT Putzbrunn, Germany
RES Renewable energy sources
SI Supplementary Information
V2G Vehicle-to-Grid, short-term electricity storage using BEVs
In this study, the cost and CO2 emissions impact of BEVs or FCEVs together with their accompanying infrastructure was
investigated in the communities Putzbrunn and Neumarkt i.d.OPf. (PUT/NEU) in order to evaluate the potential beneﬁts
of either technology. The aim of the analysis is to determine if the potential co-beneﬁts Power2Gas and H2 grid storage
from the use of hydrogen for transportation can compensate for the two- to threefold higher electric energy consumption of
FCEVs compared to BEVs per distance traveled [7, 8, 9] (compare ﬁg. 1).
The results were obtained with the simulation model VICUS [7] which uses hourly data1 on RES availability and the energy
demands in the community (Heat, Electricity and Mobility) as well as a comprehensive scenario on the further development
of the energy vectors and available technologies.
For the years 2025 and 2035, the cost-optimal way to meet the energy demands was determined in three scenario cases:
First, the all-ICV reference case (100% Internal combustion vehicles, no EVs); second, a BEV case with 13% (2025) and
38% (2035) BEVs in the vehicle mix; and ﬁnally a similar FCEV case2.
The ﬁrst part of the paper provides an overview on the overall costs and corresponding CO2 emissions in the different
cases. Second, the beneﬁts of Power2Gas are investigated, prior to the third and ﬁnal part, where the implications of
hydrogen as a large-scale grid storage system are analyzed for a scenario with limited grid power in 2035.
2. Methodology – Simulation model, Input Data & Sensivity analyses
For this study, the same method as described in [7] was used to “determine the cost-optimal mix of different technology
options to meet the energy demands” in the two communities. In [7], “a scenario was developed to account for future
electric vehicle penetration rates as well as technical and economical learning curves of the energy conversion and storage
technologies (compare supplementary information, SI). For the comparison of battery and fuel cell vehicles, the model
determined results for three electric vehicle cases (BEV, MIX, FCEV) and an all-ICV reference case for 2025 and 2035.”
1 for one year =ˆ 8760 timesteps
2 2025 and 2035 ICV cases: 100% all-ICV, no electro-mobility
2025 BEV / FCEV cases: 87% ICV + 13% BEV / 87% ICV + 13% FCEV
2035 BEV / FCEV cases: 62% ICV + 38% BEV / 62% ICV + 38% FCEV.
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Because the analysis in [7] was based on a community in California, some adaptions to the parameters in the scenario had
to be made in order to apply the scenario to Germany. However, in order to enable a comparison between the calculations
made for California and this work, the same electric vehicle penetration rates (13% in 2025 and 38% in 2035) were used –
which is rather optimistic for Germany given the current state of EV penetration [10].
Figure 1 presents the change in the overall energy demands, when 38% of the vehicles were either battery- or fuel-cell-
powered by 2035 in NEU. Since transportation has no (immediate) impact on the heating demand, and transportation fuel
demand reduction is identical for BEVs and FCEVs3, the sole differentiator on the demand side is the overall electricity
demand. While BEVs lead to an increase in the electricity demand by 11%, would the deployment of FCEVs result in a
more than twofold higher (27%) demand increase.
2.1. VICUS - excerpt from [7]
Figure 1: Change in the energy demand of the community, if
38% of the vehicles were either BEVs or FCEVs in Neumarkt
i.d.OPf. by 2035.
VICUS is a 1-node version of the Urban Research Toolbox: Energy
Systems (URBS) [11] which was ﬁrst developed by T. Hamacher and
S. Richter[12]. The simulation model (compare ﬁg. 2) relies on the lin-
ear CPLEX solver provided by the Generic Algebraic Modeling System
(GAMS) to determine the cost-optimal way to meet the community’s
energy demands.
The input parameters consist of two parts: time series - to account for
the dynamics of power generation and demands - in an hourly reso-
lution for both the energy demands (Building electricity and heating,
BEV charging and FCEV fueling proﬁles) as well as the availability of
renewable energy sources (e.g. solar irradiance, wind speed). Process
and storage datasets - to provide the resources to cover the demands
- consist of technical and ﬁnancial parameters (efﬁciency, system life-
time, investment/ﬁx/variable cost, etc.) on the available technologies.
A detailed overview of the input parameters and assumptions is given
in the supplementary information.
GAMS then creates a linear programming problem based on these in-
put parameters. The third step is the optimization of the problem: the
CPLEX solver uses a simplex algorithm to determine the cost-optimal
solution to meet the three energy demands (electricity, heating and in
the MIX/FCEV case - hydrogen) in the community. The output of the optimization includes both the cost-optimal set of
process and storage technologies and their hourly dispatch proﬁles.
Gasoline and diesel costs and vehicle capital costs are added to the output of the simulation, since these do not depend on
other energy demands or renewable generation proﬁles. – end of excerpt [7].
3 as in either case 38% of the ICVs would be replaced in comparison to the all-ICV (100% ICVs) reference case
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Figure 2: Schematic overview of the simulation model VICUS.[7]
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Figure 3: Overview on the energy vectors/commodities, processes, storage technologies that were considered within this analysis.
2.2. Communities & scenarios
Two different-sized communities, Putzbrunn (6,300 residents, PUT) and Neumarkt i.d.OPf. (41,300 residents, NEU) in
Southern Germany were investigated. Both communities have a similar vehicle penetration (≈ 600 vehicles/1,000 residents)
but distinguish themselves in (1) electricity, heating and transportation energy demand and load proﬁles (2) distribution of
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residential and industrial electricity demand4 and (3) availability of RES potential, particularily wind energy5. Figure 3
provides an overview on the technologies that were considered within this analysis.
3. Results & Discussion
Under the current projections, overall cost will increase by approximately ﬁve to ten percent from 2015 to 2025 for all
ﬂeet mix scenarios, primarily caused by (1) the increase in the ICV vehicle prices and fuel expenses (gasoline/diesel) and
(2) altogether increasing cost for energy vectors6 which will not be entirely compensated by the increase in the energy
efﬁciency (ﬁg. SF1 in the SI provides a cost breakdown). As BEV and FCEV prices decline and ICV prices stagnate
between 2025 and 2035, overall costs decline. This development is further supported by the increasing competitiveness
of local solar and wind power generation, which provides almost two thirds of the overall electricity generation by 2035.
This moreover promotes the energy transition in the heating sector as the existing oil heating systems (and some of the
gas-powered heating systems) will be replaced by electric-powered heatpumps by 2035.
3.1. Overall cost & CO2 emissions
Figure 4: Overall cost and CO2 emissions per person. Lower/upper boundaries of the bars
are the data points for Putzbrunn (lower) and Neumarkt (upper). A more detailed cost break-
down is provided in ﬁgure SF1 in the supplementary information (SI).
In contrast to the BEV case which will al-
most be at cost parity to ICVs in 2025 and
2035, the FCEV case results in the high-
est costs. This is caused by the higher
FCEV prices7 in combination with the higher
energy demand for the supply of hydro-
gen, which results in higher expenses for
the supply of electricity and the H2 in-
frastructure (H2 generation & storage) com-
pared to ICVs and BEVs. Figure 5 pro-
vides a detailed cost-breakdown for the BEV
and FCEV cases in comparison to the all-
ICV base case at the example of 2035
in Neumarkt i.d.OPf. The data shows,
that transportation costs8, H2 system9, and
increased power generation are the main
distinctions between the BEV and FCEV
case.
The signiﬁcant decrease in the overall CO2 emissions (about one third by 2025 and two thirds by 2035) can be traced back
to three main developments: First, the largest contribution comes from the reduced use of grid electricity10, followed by the
replacement of fossil-powered heating systems through heatpumps, and third, the increased fuel efﬁciency of conventional
4 which affects not only the load proﬁles, but also the average cost of the energy vectors, given that residential energy prices are often considerably
higher. See Supplementary information (SI) for details.
5 Annual energy output: solar panel PUT/NEU: 1170 / 1145 kWhel/(kW·a); Wind power PUT/NEU 1200 / 2000 kWhel/(kW·a)
6 the recent decline in oil and gas prices has not been included in the calculations as the projections are based on a long-term forecast [13], compare SI
for details
7 vehicle price in thousand dollars per vehicle for 2015-2025-2035: ICV 29-32-32; BEV 50-45-43 and FCEV 61-56-52, see SI for details
8 include the cost of vehicles, charging/refueling infrastructure and the ICV fuel cost
9 which in the ICV and BEV case is about an order of magnitude smaller and would be used exclusively for Power2Gas
10 which furthermore will be less carbon-intense
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vehicles11 (see ﬁg. SF1 in the SI for details). It is evident from ﬁgure 4 that the use of electric vehicles will further decrease
the CO2 emissions, however to a smaller extent than the aforementioned factors.
Figure 5: Comparison of the overall cost for Neumarkt i.d.OPf. in the 2035 BEV and FCEV case (62% ICVs; 38% of the vehicle ﬂeet would be either
battery- or fuel-cell-powered) to the all-ICV base case. The cost of the vehicles is the most dominant factor, followed by the hydrogen system (FCEVs)
and the cost of additional Renewable power generation. [Transportation: cost of vehicles, charging/refueling infrastructure and the ICV fuel costs. H2
system: H2 generation and compression/liquefaction, excluding storage.]
The following conclusion can be drawn from the data provided in ﬁgures 4 and 5: Under the current projections, both FCEV
and BEV lead to lower CO2 emissions than ICVs. Using BEVs is cost-competitive to the all-ICV case from 2025 onward.
However, FCEVs would lead to higher expenses without a signiﬁcant additional CO2 emissions reduction. These results
are consistent with similar calculations for a community in California [7]. To further illustrate the difference between the
BEV and FCEV case, ﬁgure 6 presents the cost per ton of CO2 avoided in comparison to the all-ICV case based on equation
1 (from [7]).
Cost per CO2 reduction=
Added cost EV case
CO2 reduction EV case
=
Cost(EV)−Cost(ICV)
CO2(ICV)−CO2(EV) (1)
Under the current projections, BEVs enable a less expensive decarbonization than FCEVs, even if BEV and FCEV prices
were equal (data point FCEV-inv = BEV-inv in ﬁg. 6). This leads to the question which role Power2Gas and grid storage
play in these energy systems and under which circumstances FCEVs would provide less expensive emission reductions
than BEVs.
11 provided that 87% (2025) and 62% (2035) of the vehicles are still conventional ICVs in the BEV and FCEV cases, compare section 2.
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Figure 6: Cost per ton of CO2 avoided in the BEV and FCEV cases versus the all-ICV case (PUT/NEU-average). The size of the boxes is deﬁned by the
standard deviation of the sensitivity studies shown in the legend. [The parameters for the base case (100%) are provided in the SI. For each scenario, the
percentage values in the legend, indicate how the respective parameter variable was modiﬁed relative to the base case. Fossil fuel = Fossil heating fuels
natural gas and oil / Ely-efﬁciency = Electrolyzer efﬁciency / PV = photovoltaic solar panels / Wind = wind turbine / inv = investment cost.]
3.2. Power2Gas
The data in ﬁgure 7 shows the impact of P2G at the example of the 2025 FCEV case. Over a wide range of assumptions on
the future cost of the most relevant energy vectors, P2G results in cost reductions of only up to 0.75% for NEU and more
than twofold higher energy vectors than in the anticipated 2025 base scenario (compare SI). Regarding the CO2 perspective
however, the beneﬁts are about an order of magnitude higher, with a reduction of 0 to 5% as long as P2G does not promote
a continued preference for gas-powered heating systems (NEU 250%/200%)12 instead of conversion to electric heatpumps.
It is also apparent from ﬁgure 7, that the beneﬁt of P2G correlates to the fossil fuel (particularily natural gas) and grid
electricity prices (due to increasing RES capacities which generate more surplus energy).
3.3. Hydrogen grid storage
Hydrogen could play an important role should “seasonal storage” become necessary to compensate the reduced electricity
output of solar power during the winter. Hence, one might expect, that a community that already uses hydrogen for
transportation would prove more favorable in this case than a community with BEVs. To reconstruct a situation where
seasonal storage becomes necessary, an energy system with high RES and limited backup from the power grid13 was
modeled (ﬁg. 8).
As shown by the surplus of energy supply compared to energy demand (10 - 15% surplus) in ﬁgure 8, renewable over-
generation provides the low-cost solution to resolve the grid power bottleneck before installing massive amounts of storage
(compare [14]).
12 P2G OFF (91% of heat covered by heatpumps, 9% by gas-powered boilers) – P2G ON (77% heatpumps and 23% gas) - for reference: in 2025 base
case (ON/OFF: 57% Gas and 43% oil)
13 the output of the power grid was limited to 10% of the building peak electric load
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Figure 7: Cost and CO2 emission reduction from Power2Gas. The diagrams show the relative change in the 2025 FCEV case with and without the
availability of Power2Gas as a process to the simulation model (ﬁg. 3). Power2Gas leads to lower CO2 emissions as long as it does not reach a scale that
would promote the extended use of gas-powered heating systems instead of electric heatpumps. (NEU 250%/200%)
In both communities, the BEV case turns out to be 5 - 6% less expensive than the FCEV case14. This difference remains
even if FCEVs could be offered at the same price as BEVs, though it is smaller (1 - 2%). As a result, the major share of the
cost difference can again be explained by the different cost of the vehicles, while the remainder is related to the different
energy demands.
While both BEV and FCEV case use a hydrogen system15 to backup the renewable generation during the winter, there’s a
signiﬁcant difference in how the communities can beneﬁt from it: In the FCEV case, the H2 systems’ primary purpose by
order of magnitude is to cover the demand of transportation, before “stationary use” in the form of grid storage and P2G.
As the transportation demand for electricity is cut more than in half in the BEV case (ﬁg. 1), this otherwise “lost energy”
is now available to provide a greater proportion of “stationary use”.
Surprisingly, in the case that hydrogen-based grid storage becomes necessary, FCEVs turn out to be a less favorable partner
for the energy system than BEVs.
14 over the same range of parameter variations for grid electricity and fossil fuel (natural gas/oil) prices as in ﬁgure 7
15 consisting of electrolyzer, liqueﬁer, liquid hydrogen (LH2) storage tanks, vaporizer and stationary H2 fuel cell
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Figure 8: 2035 BEV and FCEV case with grid power limited to 10% of building electricity demand. As a result of the higher wind potential, more
wind than solar power would be installed in NEU while the opposite is true for PUT. While in the base case (unconstrained use of grid electricity) a vast
majority of the heating demand would be covered by heat pumps, the power limitation results in the continued use of natural gas. To compensate for the
limited grid capacity, both BEV and FCEV case would rely on a H2 grid storage. Surprisingly, the BEV cases provide up to twice the beneﬁts to the
community than the FCEV case as less energy is required for transportation. (The model decides to use LH2 storage tanks for seasonal storage, which -
in addition to thermal losses in electrolyzer and fuel cell - adds further losses from liquefaction to the “input energy” of the H2 fuel cell which is more
than three times higher electric output energy.)
3.4. Further research
The following section provides some thoughts on the scope of the analysis and elaborates on some additional factors, that
need further investigation:
1. Regional vs. nation-wide scope – We chose to investigate single communities for two main reasons:
First, the scope is large enough to evaluate co-beneﬁts like Power2Gas and H2 grid storage but still allows a high
level of detail to analyze the impact of electric vehicles in detail.
Second, local renewable generation is a political and social goal in many communities [15, 16, 17, 18] (incl. PUT
[19] / NEU [20]) which have set up detailed action plans to reduce dependency of fossil fuels and increase local RES
generation. In case FCEVs and the corresponding co-beneﬁts provide an overall more economic solution than BEVs
in the communities, this could accelerate the roll-out of a widespread FCEV refueling network.
A nation-wide analysis might come to different results in the amount of local RES installations (i.e. as other areas
provide better potential for wind turbines and because of smoothing effects in the load curves), total cost and CO2
emissions. However the key distinction between BEVs and FCEVs would remain unchanged: FCEVs would still
require more than twice as much energy per km traveled and result in a higher transportation energy demand.
2. Hydrogen import – Due to the local focus of this analysis, an import of hydrogen (e.g. sourced from surplus
electricity in Northern Germany [21] delivered by trailer) was not considered.
3. Combined-heat-and-power – Waste heat utilization of electrolyzer and stationary fuel cell could offset the cost
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of a hydrogen system, but the attainable temperatures are currently too low for a proﬁtable heat utilization16. As
furthermore a heating grid would be necessary for distribution of the heat, this possibility was not investigated
further.
4. Surplus & Interconnectedness – We assumed, that surplus energy could not be sold as it seems likely, that if
one community has a surplus due to high local RES generation, due to proximity, neighboring communities with a
similar infrastructure would face the same challenge. The transfer of electricity between communities might result
in an offset of the absolute results (costs and CO2 emissions for the different cases). However, the overall result - the
relative difference between BEVs and FCEVs - is expected to be similar, as the energy efﬁciency gap between BEV
and FCEV would still prevail.
5. Macro- vs. micro-economy – This simulation model determines the macro-economic cost-minimum for a single
entity “the community” assuming that residents and local industry would share a single budget to cover their demands
for electricity, heat and mobility. Future work might explore this topic for individuals owning a BEV or FCEV to
determine the speciﬁc cost and emissions beneﬁt per vehicle.
6. Customer preferences – The results of this work indicate, that from a technical and economic perspective, BEVs
are superior to FCEVs. However, costs set aside, the satisfaction of customer needs is decisive for a wide-spread
adoption of electro-mobility. For this analysis, it was assumed that all EVs were capable to cover similar driving
patterns as ICVs by 2025. While the range of BEVs is continuously increasing, their recharging rate (km/min) will
remain about an order of magnitude below FCEVs and ICVs for the foreseeable future. More studies are needed to
quantify how the difference in the recharging/refueling time affects consumer choice in deciding between BEV and
FCEV.
7. Nationwide infrastructure – In order to limit the scope of this analysis, all charging and refueling events were
assumed to take place in the community. While the cost of local charging and refueling infrastructure is included in
the calculations, the necessary nation-wide network of charging and refueling possibilities was beyond the scope of
this analysis.
4. Conclusion & Outlook
In this assessment, we have evaluated whether the co-beneﬁts Power2Gas and H2 grid storage could offset the lower energy
efﬁciency of FCEVs compared to BEVs and provide an overall less expensive decarbonization.
Both BEVs and FCEVs enable lower CO2 emissions than an all-ICV scenario (ﬁg. 4). Compared to a reduced consumption
of carbon-intense grid electricity or the replacement of fossil-fueled heating systems, the overall impact of electro-mobility
on CO2 reductions is however rather modest.
Within the scope of this analysis (sec. 3.4), CO2 emissions reduction with BEVs comes at lower costs than with FCEVs,
as the co-beneﬁts Power2Gas and H2 grid storage are not able to compensate the higher energy demand. First, Power2Gas
provides very little cost savings (ﬁg. 7). Second, in case H2 storage becomes necessary to balance seasonal loads, BEVs
turn out to better complement the energy system than FCEVs (ﬁg. 8). The additional amount of electrical energy that is
required for FCEV to cover the same transportation demand (ﬁg. 1) is available for other uses in the BEV case and can be
deployed to increase the beneﬁt from Power2Gas and Grid storage for the community.
5. Acknowledgements
Special thanks goes to Dr. Michael Beer at BMW Group for the constructive discussions and guidance during the creation
of this work. The authors would like to thank Dr. Willibald Prestl and Dr. Christian Knobel (both BMW Group) for the
16 This could change with SOFCs, which however have the disadvantage that they are not as well suited for dynamic operation as PEM fuel cells.
390   Markus F. Felgenhauer et al. /  Energy Procedia  99 ( 2016 )  380 – 391 
fruitful technical discussions. We would all like to thank the BMW Group and the Global Climate and Energy Project at
Stanford University for their support of this project. The results of this work do not necessarily reﬂect the view of the BMW
Group or Stanford University.
References
[1] A. Schuller, “Electric vehicle charging coordination - economics of renewable energy integration,” Ph.D. dissertation,
Karsruher Institut fu¨r Technologie, 12 2013. [Online]. Available: http://d-nb.info/1047383551/34
[2] D. Dallinger and M. Wietschel, “Grid integration of intermittent renewable energy sources using price-responsive
plug-in electric vehicles,” Renewable and Sustainable Energy Reviews, vol. 16, pp. 3370 – 3382, 2012.
[3] D. Dallinger, S. Gerda, and M. Wietschel, “Integration of intermittent renewable power supply using grid-connected
vehicles – a 2030 case study for california and germany,” Applied Energy, vol. 104, pp. 666 – 682, 04 2013.
[4] D. B. Richardson, “Electric vehicles and the electric grid: A review of modeling approaches, impacts, and renewable
energy integration,” Renewable and Sustainable Energy Reviews, vol. 19, pp. 247 – 254, 12 2012.
[5] J. Tomic and W. Kempton, “Using ﬂeets of electric-drive vehicles for grid support,” Journal of Power Sources, vol.
168, pp. 459 – 468, 2007.
[6] I. Hadjipaschalis, A. Poullikkas, and V. Efthimiou, “Overview of current and future energy storage technologies for
electric power applications,” Renewable and Sustainable Energy Reviews, vol. 13, no. 6-7, pp. 1513 – 1522, 08 2009.
[7] M. F. Felgenhauer, M. A. Pellow, S. M. Benson, and T. Hamacher, “Evaluating co-beneﬁts of battery and fuel cell
vehicles in a community in California,” International Journal ENERGY [accepted], 2016.
[8] U. Wagner, M. Beer, and J. Habermann, “Life cycle analysis of battery and fuel cell vehicles,” in Riso International
Energy Converence. Technical University of Denmark, 09 2009. [Online]. Available: https://www.ffe.de/download
/Veroeffentlichungen/2009 Riso Energy Conference.pdf
[9] S. Campanari, G. Manzolini, and F. G. de la Iglesia, “Energy analysis of electric vehicles using batteries or fuel cells
through well-to-wheel driving cycle simulations,” Journal of Power, pp. 494 – 477, 2009.
[10] W. Boston and C. Grimm, “German auto makers, government split on electric-car push,” 02 2016, accessed
2016-Feb-12. [Online]. Available: http://www.wsj.com/articles/german-auto-makers-government-split-on-electric-c
ar-push-1454519071
[11] J. Dorfner and T. Hamacher. (2015) URBS - A linear optimisation model for distributed energy systems. Technical
University of Munich - Insitute for Renewable and Sustainable Energy Systems. [Online]. Available: https://github.c
om/tum-ens/urbs
[12] S. Richter and T. Hamacher, “Langfristige Auswirkungen sich vera¨ndernder Stromkosten auf eine dezentrale
Energieversorgung in urbanen Energiesystemen,” in Deutsche Physikalische Gesellschaft - Arbeitskreis Energie -
Mu¨nchner Tagung, 2004, pp. 221 – 252. [Online]. Available: http://www.fze.uni-saarland.de/AKE Archiv/DPG2004
-AKE Muenchen/Buch/DPG2004 AKE7.1 Richter Stromkosten bei dezentral-urbanenEnergiesystemen.pdf
[13] M. Schlesinger, P. Hofer, A. Kemmler, A. Kirchner, S. Koziel, A. Ley, A. Piegsa, F. Seefeldt,
S. S. burg, K. Weinert, D. Lindenberger, A. Knaut, R. Malischek, S. Nick, T. Panke, S. Paulus,
 Markus F. Felgenhauer et al. /  Energy Procedia  99 ( 2016 )  380 – 391 391
C. Tode, J. Wagner, C. Lutz, U. Lehr, and P. Ulrich, “Entwicklung der Energiema¨rkte – Energieref-
erenzprognose,” Bundesministerium fu¨r Wirtschaft und Technologie, Tech. Rep., 06 2014. [Online]. Avail-
able: http://www.bmwi.de/BMWi/Redaktion/PDF/Publikationen/entwicklung-der-energiemaerkte-energiereferenzp
rognose-kurzfassung,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
[14] C. Budischak, D. Sewell, H. Thomson, L. Mach, D. E. Veron, and W. Kempton, “Cost-minimized combinations of
wind power, solar power and electrochemical storage, powering the grid up to 99.9% of the time,” Journal of Power
Sources, vol. 225, pp. 60 – 74, 2013.
[15] S. Vogl, “Gemeinde Wildpoldsried - Das Energiedorf,” 2015. [Online]. Available: http://www.wildpoldsried.de/inde
x.shtml?Energie
[16] B. Baindl, “100 Prozent Erneuerbare Energien bis 2030 im Landkreis Fu¨rstenfeldbruck,” in 4. Eurosolar-Konferenz:
Stadtwerke mit Erneuerbaren Energien, 05 2010. [Online]. Available: http://www.eurosolar.de/de/images/stories/pdf
/SZA%202 2010 Baindl Fuerstenfeldbruck.pdf
[17] W. Zirngibl, “Gemeinde Ascha - Konzept zur nachhaltigen Energieerzeugung.” [Online]. Available: https://www.ene
rgieatlas.bayern.de/energieatlas/praxisbeispiele/details,43.html
[18] I. dezentrale Energietechnologien, “Das Projekt 100ee Regionen.” [Online]. Available: http://www.100-ee.de/projekt
/
[19] L. Karg, M. Wedler, T. Blaschke, D. Pielniok, M. Sailer, S. von Roon, C. Fieger, and C. Steinert, “Integriertes
Klimaschutzkonzept fu¨r den Landkreis Mu¨nchen und die fu¨nf beteiligten Gemeinden Baierbrunn, Gra¨felﬁng,
Kirchheim bei Mu¨nchen, Scha¨ftlarn und Unterfo¨hring,” Landkreis Mu¨nchen, Tech. Rep., 07 2013. [Online].
Available: http://formulare.landkreis-muenchen.de/cdm/cfs/eject/gen?MANDANTID=1&FORMID=4132
[20] Stadt Neumarkt i.d.OPf., “Klimaschutz in der Stadt Neumarkt i.d.OPf.” accessed 2016-02-12.
[21] C. Stiller, P. Schmidt, and J. Michalski, “Storage of renewable electricity through hydrogen production,” in World
Renewable Energy Congress 2011 - Sweden, 05 2011. [Online]. Available: http://www.ep.liu.se/ecp/057/vol15/020/e
cp57vol15 020.pdf
